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ABSTRACT : PROBLEM TO BE SOLVED: To materialize the material characteristics of SiC and obtain 
an SiC- FET which can operate stably by preventing the degradation of quality and 
breakage due to voltage appljed to a gate insulation film and reducing leakage current. 

SOLUTION: This device is provided with a first conductive type high resistance drift layer 
. 2 formed on a silicon cartDide substrate, a second conductive type base area 7, a first 
conductive type source area 8, an AIN film 3 fomned on the gate area, etc., on the surface 
of the second conductive type base area, and a surface covering film 4 formed on the AIN 
film 3. The surface covering film 4 is made of AlxGal-x-ylny (x: real number, 0<x<1; y: 
real number, 0<y<1 ; x+y<1 ), etc. 
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Al, Ga,.,.v I n, N (fit, xtiO^xSlc^^ 
IJct'fc 0 - y (5 0 :S; y g 1 inmMX'h 0 . X + y ;g 1 1 
J,^. ), ZnO. LiAlNO. LiGaNO. Hf 
O. ScN. Ti B, . UB. , WB, <7j— IfJ; 0 jSJFv 

'5r < i: t,— -PCT^^CLtcffM^iiJtA 1 N^i:, luieA 

X'ib-r>X. Bllfe^ffi«E?IM*<A 1 , Ga,.,-, 1 n, N 
(fib, xtiOS 1 «0^iiT'?jO, ytiO^y^l 

<r,%WX'h^. x + y^ lt'S>'5>. ) . ZnO. Li A. 
INO. LiGaNO. HfO, ScN.TiB, . U 

B. . wBj <r>-'^x^msi^tifz\mm>h\>\m^ 

-o{i^^**lV/H-7'$.iL7tA 1 N*»^>'^^.wi:2r!ltfi3[ 

mKY\}7vmt , luiEsg-^mM^-ffita: k '.^ 7 h Jio 



> A . ys' 0 ^J^ff>m'hm:£iXti{P-^ < 1 1 — SO 

ii«3STB 1 0 ] msLi.f'Zi- V ymitmimm'^izm 

n, N (x + y + z=l. O^xSl. O^ySil. 0. 

gzgiT«>i.. ) ^^i^ti'i.m^&i^^-^^zbiz 

iit«JB 1 1 ] Mn±tz> >j a ym-ftm^mtRmzm 

i^Lizm:. ^ft.it^jm/f^armL^^/'^A 1 , Ga^ In 
I N (x + y + z = l. O^x^K O^y^l. 0:^ 

o-C, HulEA 1 ,Gay I nj N *r±f*ci;-ri>M'2r HijlE 

jKL/i:^, lg^X{iJg'(t!|%l^;^rxSr^L^-3{>'''^,A 1 , G 

ay In. N ( x + y + z = K Ogx^ 1 . O^Sy S 
1 , OS z ^ 1 T-^>^., ) Sr±«:i:^?.^,2rJjStft$-ttl. 
C:i:(;J:-5T. miieA li Gay 1 N5r3£f*:i:-rS 

m^^m 1 3 I mi±iZA I . G a, in, N' ( X + 
y + z = 1 . 0 ;g X g K 0 ;g y ^ K 0 S z s; 1 T*<5 

i:mv^Xzc-,^>yit-:^,ZkizXK>. WitlA 1^ Ga, 

I n, ]^t-±w^t^-hmimmmn±.izmmmzmjsit 
imm 1 4 ] mi3m±iznm^i\.i>mi.A i , g 

ay In. N (x + y + z = 1 , OSxS; 1 . OSyS 
] 0^'z I.. ) *±f*>-*--&MA'. ^*4*?0C 

hHtO*4^tr>lt$r!|#S(t-r^l§3?fSl OTb^l 3(c 
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i cmt. mtimiRr/m2(7)r>ms i cm<om<7)pm 
s i cmt. mim I Ri/m 2 (Dnms i csrixps 

mm t z:mtrzM osm^^y >';7.^tgit*j#o^ijffl 

imm<^:>M$ihi tlx, 
im } 

at.<^2<^)nSiS i CJISlXpMS i C Jii7:)«®<7)Ti^ 
[00 0 1] 

fCSM±{wA 1 , G a, lnjN(x + y + z = l,0 
Sx^l. OSygl. 0^ 1 1:'*>.&. ) arifj^i 

[00021 

~3«, iKgi«s«3ss***«»i o«. mjm=¥-)'oyhm 

Sjg^l&f^J&fnrtg t T'* ^ , 

1 0 0 0 3 ] iff S i C ^mx.WmF ETICIdS L 
. S i i: 1 1 K V Ja±<7)|ijhmff 1 -^T >' 

{ZiXiZ'0\>^Xit. B. J. Bal iga,' Tren 
ds in Power. Semiconductor 
Devices* IEEE Trans. Elect 
ron Devices, vol. 43 ppl717 
-1 7 3 1. 1 9 9 6izmL<sm^tLX\.^h. ) . 
[00 04] L*»L . S i CiOFET (fSi/.{f^FE 
T) lz-:)V^Xlii:).Tcr,m^j:mmmy7^ . -JKt-iSJf^FE 

i Ca)miitzVmi3\^tiitfzMzs i CCISg^i5<i'.) 

'^'lic :i xm I . ':-<7m-^ s 1 cig?gF ET(r>^m9m 



[ 0 0 0 5 ] ^c:t% fgi^MtcK-fti^ 'J n y J: onm-m 
^i>zt tmti^tLxv^i^ . 'tc^mKcmmmcomi.m 

:n^j:miii LTJi. m%mzmiifzm^i^i-:s,A 1 N 

mmm'^miiH'y s . 5 a: iSfL>- u ^ ^n^o 2 ^ssr* 

mmizm\i^tL7^m'^z:mm-h smz^mzm l -ci ^ 

[000 6] t*^L. Z(r>A I Nmz:^mmtLxm^^ 
^^±xe7)i^^y^j:mmii, -K^mmmzh^, -^(cfe 
TirMfmimx'ii. mtifA 1 NBss-^Mm, ^cof^<7.) 
xmiz?^^miZi{i'i'f^Mm<7yT-mmm^t: sff^tix 
t^-ii -^/u fzmm^StmM^xxh zin^ (Dmrniz 

-^iix^^l^iJ-tiA 1 N^tmBLXZix^^mtX It 

T, S i C-FETOJ6jtgitCA 1 NM^fflt^lxIttC 
J; 0 S i C c7>Mt^?#tt ^+:«-(c? I # tatfzMzlt , i -f 

[0007]^f.:AlN{i:. f^^BX'm^t':^-X^'^-t 

\,^zt. i:V^pX**^LTv^fc. S i C<^>aMt:A 1 
NSrJgfiJt-fl,^, afil<0lS^^8!f*iA 1 NOH^An 
?6SS:^^v^. Z(7)S^:7^-7-y^(r>rzib. SiC±t>zi\M 
6W< ^m-t^ t 7 y ^'^•A 0 - ^-^tc J: oTtitij!?* 
n^i:'**^^LTV^/c. 47t. S i CtA ] NiO^mtZ 

iz. ^b^b14<0A 1 NSrS i C<7)V »4?«9>S S i EtcjfML 
[ 0 0 0 S ] if^. Si C{i^t^W(C^5E^fe«T'S>^ 

■C'^^^lM-r-&::t*>llltLv.. ^hizttz. sic 
fzhy >>'x-i;^<7)'imitMy^mmt)mf>ix^^v^ztibm 
o s A^>i^^m^^mmi)^mmz&^ . ^ a- 

iz. ^?tmm(^l±&SLXUS>^ 
[0 00 91 

^^"'7-^^<7;iJjE2ri6i±$-a-&3ti6, S i K-IUKJ: Oil 
Ei'J^KA 1 NM^m^-^hZt-fA^-mt^ixX^^h. z 
<r>A 1 NHsrS i C-FETOj£|fllt L-Cfflt >2.-It 

(ciijsi cff)^mm^i:-i-mz3\$iii-tfzmzii^ s 
ifi I . zixt X'z <nfs\mzn Lx ^<r>mmzmfx + # 
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[00 101 ^tz. ^mi'^FETX'ii, A 1 N*&tfll(C 

[ 0 0 1 1 : i^^. Si c{i:fi:^fi^(2^?E^-!ri?)MT-A?. 

itTt S i C- MO S 1' 7 > >-'X^i7)^lttt(j:ftt^JgS5&Jf# 

[001 21 2ts#feBHJi±IEi7X^.Kiis^T=5r$i't/v:^i^J-C' 
^>0. -ei'JSWfils&SWSeSrSte^it/^A 1 Nll2-Sv»?. 
J: t J: 0 S i C «0$r?2f!RM4*H-:»-t;?l & L , 
ItKj^^'srflgl' S i C - F ETco^{cS4-'r&^#f*^ 

10 0 131 43t, ^is^njfoStjOBMli. ^iWJESeSfM 
i:LTAl, Gay I N (x+y+2 = K O^x 
O^y g 1 . OS 1-C$>S<. ) ar±#:t-fl> 

[0 0 141 ^c-Azttz. *^Hj£^J5!Ji?)a6^{i. tfe*J: 
[00151 

[ isli ^ s?t*i-r -2. )#e 1 ±ieisiis a: i. ^^y? 

±.{-Jt5^$itJtA I umt. nfiffiA 1 NRJLlcj^BJt^ix 

tSSM/Mlx Ga,-,-,In, N (ML. x(i0Sx 
S 1 . y (i 0 S y ^ 1 (^M^iX-h 0 . x -i- 

y & 1 Titj-S. ) . ZnO. L i A 1 N O , L i G a N 
O. Hf O. ScN. Ti Bj . UBj , WBj f)— P 

[00 161 i.tz. :t^¥tm (es«i02) ti. m\:J±mm 
m—mmi^-y-^M'c . mi^m-iBmm^-^^w&f*^ 
hhh^^'i-b. z^)hx y^ff^^iztmrn^ivixmi^ 



mm bi^ti' ^^mi^mmx\h -> x . m%mwim.m 

A^A K Ga,-,.y Illy N ((HL, xfiO^x^lc?) 
mct'^i 0 - y \i 0 IS y ^ 1 c7X^fSc-C'ib 0 . x + y g£ ] 
•C'.t)!),. ). ZnO. LiAlNO. LiGaNO. H 
fO, ScN. Ti . UB.. WB. £7)-.ff J; i;)^ 

jK$iL/L- 1 am^. V ^XimxmWS'hmk.^ixX \.^hZ 

b^^-^b-thm^^mm^mmh. 

[00171 ^IV^fz-^m^ 1RV2) izjiil 

ij, l%1S1±Oa(-^A I. G a )-..,, 1 ru. N (jIL, x 
(5 0 1^ X S 1 <7X^-S;ic-C'* ') . y <i 0 g y ^ 1 c'J^tT-.fc 
f), x + y g lT'a[>l., ), ZnO. LiAlNO. L 

i G a N O , H f O , ScN. T i B2 . U Bj . W B 

^.mmmmm^A] Nm±irzmm.-ti>zbizj:'). m^. 

^ fiJ L T F E TcOi^SWE ftarH^ b ^ . 
[ 0 0 1 S 1 PaR^ 1 Xti 2 

X*')^h^Lbi:i^tL\>K i^tc. (WAl?Jfi4) 

mzmfS.^ixtzf^zM-^^-:^^mb. m^-um. 
m^-:^^m)&f^izmfS. $ n/c^-^mM v - xgeiig i: , 
mti!:m~mmm^—y-mm(7)m:mizitm-s-ixti y- hm 
wmb . mi-y- htmsLttzmf&^ixtz f- v^%.b 

Wfi Y-y^ixtzA 1 N*>^>^:i. t ^^b-^h^ 
[00191 tfz. *^BJ (iSi)tJl5 ) ti. mfl^^S 

igt-?f^B!t$ ixfzm—m^'WSi'^m. Y')yymb. fJiEas 
\z^^'^i\.fz^-m%m^f-:mi&b. m%^~m%.^ 

^ f-t . zo)V V y^^mzimm^itLXmify 
&tili::y- hmmb ^^i-^^mf^^rnX'^j-yX . ijtj 

m<^:>'> h'yts:< bi, — .>\i.-^lfmff\'-T^ixtzA 1 N 

[00201 iMhfz^^m {mimAmfs ) \zxix 
)i^--mmzhi^^)x\ zmmta-ttzb izj: '^mw. 

mfL5r«Jl-1-^ 1 b f/'X't h . I tztl^-yX . SiTJtS*rM 

mfztt\i-7 nMoim^imm-th z b tMrnx-h 

[002 1 1 .l^-C'. ie;l<JS4.X<i5{Cf^^3t5:^BJ§6';)# 
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[0022] . mii^m^:ffi. ^±m5tmoM-^(:, 

mtz&tn.^±ifh Z t iJ^X'^ h . 

[0023] ^fz. mw^^mw. wm. t y s '^a, 

m(7y7cmi}'i-o^-&Zti)^^LVK Zixi^<r)7mi±. IS. 

0 , ^^Bxmzmm-thmKT^n^&m-t^^ z t ifix^ 
mMf>zx^^=^(^)mm'ym>i.i)K xp&z::}^-^< 

•t^Ztti<Ti^i>cr>X'm<-t&Zti)iX^. 'J-^^tESE 

imm^^c^mizmn-th z t ifx-t ^ . 
[0024] $<i>{ci7^>. yc-mn-h'^'ii-^^mxhh z t if 

%<X%. »J-j7im*«T*«l.. -f-LT, ma\zX^A 
1 NOI&^.^«:/h$< L S i Ccr)^ix(Cj&':Sifi,zb 
i)^X'^. miX^t'^m<'Ztiin'^i,, ttz. I^^^^IS 

^/J^$ < t-^ s i: . mimmt(owmx'<D^mmm.mm 
X'$)i>, 

[oo25j*/c. AiN^si cmmizmm-h t . 
tii^iz\t:^—^.>mx(^>TrmmiiLi^i,zmi'-rh . 

[ O 0 2 6 ] ±ie<^^*iEt«!)$'^A L7t A 1 N y- 

Hfe^Hii, ±MimfS.w\-(^)i>(DX'y~ h%mm^m^^ 
hm3M<7)i><7)^^ i. o::3i'^m\'^fz^mt^mm.izi>mm 

[0027] l:l±c:,X 'J iz. *^B3(.- i^Kf, 
l^ 'J - 9nmz-j V^XFE TlZ-Sm^j:^'&i:%i>Z t 

[ 0 0 2 S ] <J:£C, 2^^Bj { tgjjsjf 1 0 ) Ji. S<g±(c 

^^ltcffi:>A\„ Ga... In, N(x + y+z = l. 

0 g X g 1 . 0 IS y S 1 , 0 g z g 1 ) 
b-thmi^^^^t^^Zt^Zi^-oX^mtlAX, Ga, 

1 ^^i.\^fti,m^mi^m.±<^'>Mzmwi-thz 

[00 29] ifc , ^^Bfl (ggjJtJg 1 1 ) ii, 



SiL'5:*</'3A 1 X Ga, I N (x + y+ z = 1 , 0 
^xgl. Ogy^K O^z^l-C'*^. ) ^±i^t 
■r^M2rB5i*$-^^^t(cJ:oT. ItfieA J , Ga, 1 

[ 0 0 3 0 ] amm 1 2 > li , sM±t* 

> o:iymnLm^mmmzmm.Lfzm. mmxiitaim 

^^'^^-'Sr^SL^/Z^A li Gay I n. N (x+y + z 
= K O^x^K OSy^K 0^ z s; i ,. ) 

Ga, In, N$r±<*i;t- I.M^IuieS^±<7);V{cJFM 

t^zt7:mmt-r?>mmm0su3mi:i^mi':h. 
[003 1 3 $ hiztti. ^^BM amm is) a. m 

^±(ZA 1, Gay Inj N(x+y + z= l, OSx 

OSySK OgzglT-S)&. ) z:±itft^ 
m^m^Ltzmiz^ T)Vti '>'14?g7R^fflV'.Ta: yf->-?- 
-r^iirtCctO. mflEA 1 ,Gay In, NSr^^fc-T 

[ 0 0 3 2 ] ±fe Lfzmm^ i oj^s 1 3 \.zi^h^m^ 
<rMmm.-)5m\.zi6\^x. msm^k.\.zmfSL^ixhmi^ 

Al, Gay I nj N (x + y + z = l. O^xSl, 
OgySl, OSzglT'*,^, ) ^±f4xi:^&JK;&/ 
^^ifiifeC i: H t O t *<SI 4 L V ^. 

[ 0 0 3 3 1 . •mWm.<n^W,i.S i Cij^h^^^ Z 

LTAl, Gay I n^ N(x + y+z = l. O^x^ 
I. OgySU O^zSlT-ib^. ) ^±#:i:-ri.M 
S i C^<OS^tSBI?fllJfcJ.ofSe!tcj^EgT}-^ » 

[0034] z^m.Bn m-^m 6) t^. jgion 

2<7)nSS i C;i<^ia«OpffiS j CJii:. 1512^ ISZ/ 

.^20nMS i CSS.L^'pSS i Cil^-Sei^^fl^i: , 

X ^ 

[0035] 
[|%2] 

m<^20nSS i C-JfaiXpa'S i C®oa®o^*tj 
y y A^y.if 0 . 3 n m tUTt' J> § 1 2rt§flS ^ ^^^^ 

[0036] *^BB^^{i. S i C-MOS FETA*:^ 
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[00 37} 

( m 1 c^mmmm ) m i ti. *?6"^t- J; i (^Mtm 

mc:>S i c^.ff?FET«^.)Bii®llTJ)«.. *.«SfeJf51ll.t::fc 

^lSffitJLh*'J7hJi2±{:MOCVDajlCj: OA 1 

32:1 OOnni^K. A 1, Gci,.,., I n.„ 
( (1 L , X 0 S X S 1 c.)||8!c-<:'J> 0 . y {4 0 g y g 1 
iO^i4t-Jb0. K + y^iX'h^. ) Sr5 0nmMS. 

[0038) ZZX\ A \ K'mSfMWii^OOnrul:). 

•y r?' i: . A 1 N Bl 3 <7y^%tm^ti'fmitt?> tS'fX' 
^cOilC^fM^n^A 1, Ga,.,... 1 n„ N 
M4c7)n°p«€<STt-CL^3*^^>t'*j^. -:^A1 Nil 
C0JS$*^'5 0 0 n ml,W3*§^t::«4. -S-<7)±tClJfi5t$iL 
2,A1, Ga,.,-„ In., N)g4 (ilL. x«0£xS 
l<r>miiX'^>^^ y{SO;SyS]i7)^S4TVt>'3. x + y 
^ lX'hZ>.. ) ii^^ y 'V ::7 Z>:i tKi:<%i^XMm 

[00393 A 1 X G a-i-r-y I Hy N^4 L 

[0040] iTJC. Al , G aj.--y 1 Nm4 ±lC 

c V Da^^tc i •) nmiSMmi^y^v s i 1^5 srffM-r 

^Ct'.-K'.JS iK5<7)R»){c:. S i CH. H^'.i 
S i G eP.£7.)V>^ixA*. .•e)^v>{i7KU S i Mar-^i^^^T'^ 
it '^><7)^g-&^*rffl<' i> X -cc^Jfa-l^ '-^ Sims ±tc 
CVDa(:<fcOS i O. Bl (^n^) *^Bit:rffM-^ 

[004 1 ] 'iTSZ , H 7 -f X •/ ^> J: 0 jMJRW 

IC S i M. --Kli S i 1^5 , A 1 , 0 a-.-x-.v I n,. 
NM4 . A I NP.3<'.)nSt-X y4->7'L y-hli*l!c6«r 

mfH-ti,. znx'. y- V- mm6 iMx A I Nm 3 <7)- 



Jt: . r. i; ^ n SiS'ffim 1' 0 "7 h Jf 2 ±c7):J'-t' < t 

I r. 0 4 2 1 h W6 t JS-&*i«-hf)f*liH 

( i J'T^ > ?: •7^- :7 .h L T n mmiS.tn. F 7 h If 2 

7. _ . ^<7^)rk<^yimitmmizx rMVimzpm^-:^ 
mi^7 effM-ri.. ;^{cpM^-.7.ffiJS7r^i^^«(5o 

II WPT^Wm ^ :t >-i± A L , c.)m<7.)vStt-(L*ft?L«iic J: 

[00431 mz, >-'-hfBl*f:>S i O. Mr'^x"/ h 
y 4- y ^^tc J: »? 1*5^* L : . 'J S i H f • -- y- 

9 ^Mwmzm^:. i. ... J^^fw^- h iifiiii 9 o 

±iSt:^*%^i 0'^ff.?iS;-5-.&-. iXiz^mmi o±*#tf 

^lEffl 1 1 2:?Bl«-rSv X, V-.Xffit:=:!S i i fc^ffi 
f7;) nmiSMijiS i cmmi f wi - I- v-HfiB® 1 
22rJfMLT, S i ClSfJfJFETSr^^^. 
[00441 Cf.)ct 'j C-2|3:^Ji?f5S.T{4. «ffi*>I^^C 
W. 7 7 y:J'*J*S<(!JiS5tt<7)iSv^A Gaj.j.y I 
n ; P,4 ( L , X {± 0 g X S 1 OUSicTS) 0 . y it 
0 g y ^ 1 i05Sg[T.t) 0 , x + ygiT'^i^u ) 2r«® 
MMKi: LTA 1 li9gi3±izmfitri>ZttzX*)^im 

[00451 ^fzZZX'it, A 1 NM3±t7>:^4mteTO 
4(7)— piJh LTA 1, Ga,-,.y In, Nj^arfflv^/c 

ifi. zm:).mzi.x/^y:<^mmizj:DZno. l. i a i 

NO, LiGaNO. HfO. ScN. T i B-^ . UB 
J .WB2 a-J^i^tTffl^'^-Ci.lol hii^ .. 
[0 04 61 Zilh<^)0-hX\ ZnO, LiAlNO, 
L . GaNO. HfO, ScN(;ov>-c{i, A I N,^± 

(^i^mwmmt ixfzifX'ii^-< . a i Nt^miiiiSStBi 
tixm^' »-c t m\fz F E T<7) y- M#it in^^zt/)' 

— Ti Bj , UBj , WBj iZ^ji^X 

ZtL'^ ffM g mJ^y^^aXh 7^Zti}^'->Allimt 

i^^,^mzm.^m^^v^z tizmt. ttzmf\mizi,i.i& 
ma^mx'h •& tzi^y- v <^M±mji'&:kmizwmi- s 

- t i>X'^^. ±IE ■ Iint&?gOg£0-1!f J: OiliU? 
[00471 tfc. 9LiZ)t J J: ri trigv >|^iiEg.^*r^ 

mm<7m^^i^^i'Z^ < -^r ^ h , 

[ f ■ f) 4 S 1 ^W^fflljt*:0)tBa 

^■•.........•S^iffl*2^f*I^St LTf$ffl-t^*Si^ii. HI C: 
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[00491 (m2cr>mmm) mia, :^?mizj:^ 
2 (DmMwm<^:> s i chiyy^y-h mm f et c^m 

1 cmm.2 1 ±^za^t'^^>^^)im^zx *) nmm&tfCh' 

>^ A t . ^o^^<r>xi^iwmizX 0 StKa*){c: n ♦ y 

mm(?m<^ff\n.mmzT>v^ cr^-^Ajj-i. t^{i--nn>^<7) 

Op' S^SJ|82 5Sr?fMirs. 

[00 5 0] <^(C. K^-f JC-yf->-:7'a (R I Effi) kz 
iOn* My-:74lJ|g2 4c7)a®*^4>n' MV-;^lil|!5 

2 4*5 J:l/pS'^-.XJi 2 3 StHjILT nM^SJJt H 'J 
7b®2 2tcjS-r&M-->-^2 6Sr?gfi!t^^, ^CIT, 
hU>'^2 6c7)i*iM:SM (^-v^f/U*®) {cxh'^'dfi^ 

) arm-ri>^^A^iLV^ fiUi pM^JIJI;!?^' 

(7)mm. '}-^^fi'fi^mmtmm.6^izm±L. v-^. ■ k 

M^MJit7)SSaM*i:pS'<.-xii2 3<?>*gaMtlRl 

[00511 i^fc. n» MV— >?.«J*2 4<?3^fflC0— as 
thl-y^2 6f^tCMOCVDa^CJ: OA 1 NK2 7 
Sr 1 0 Onm^llt. A 1 , Ga,.,., I NM28 

(flL, xliO^xSlcoHScT-iiO. yJiO^ygl 
«7^SS[T.t> 0 . x + ygl-C^>S. )a:50nnigK, 

[0052];^ T\^i <r>mmmmx'm^<fc x -3 j^a 

J Nm<Om^:b- 5 0 0 n rniaTT'^j^ CI i: ^^'S* L v^. 
::«^IKlliUTT'i^aif^^±tC.ig«$il^A 1 , Ga 

N^2 8 (fflL-, xli0^x2£ 1 tf-X^fSc-C' 
J) 0 . . y ti 0 S y g 1 «7)5^tT'.t> 0 , X + y S 1 X'h 

^yjk-t-^j^i^X'h^. ifc. Z<7)ttpM^—:^-.m2 3± 
<^ypti: < t i>— ^JcSi^e^JtC A 1 NM2 7 i: A I , G a 
Illy NBg2S^J$-^*|3g±^7)0F.iill(^ll^) 

6f*qc7)Al, Ga,.,., In, N^2 Si7^*ffii: h U'> 

■^2 6 <7)ma^<7)mwizy- hmmm 2 9 SrjFM-r^ 
[00531 mz , hmmm 2 9f)±iitc*6^ii 3 

OSrSJRfi^fcJfjBJt-r*, ^<7}lk. «fe^lK3 0±S-*trn 

• V-.7.^SL^2 4 tp' SpSi^2 5£7)±t2, V-XWSk 
S3 1 a:lJfi!t-r-&. X. y->^mSil3 1 i:RS*i!|f)n 



SrmtT, s i c^^>--^>-'-^^[s^|^PETS:^-r 
[0054] ^mummx'h^ i conM^fJSi: isi t -< . 

KjS.tt<7:)iit"»A 1 , Ga,...y I n,. N|^2S (fBL. 

X 0 g X S ] <r.m%\X'h ') , y 0 ^ y S ] <7)^-C 

h 0 . X + y s 1 T'.t)^ . ) immfmmt l t a i n 

M 2 7 ±<cffM-r* ^ i: (c i 0 ^f»)fD«^fl:r RSoh 

L. ■f<':)^«s i c<r>mm^^+^^\t^Lxmm¥ 

[00 5 51 tfz. mzVV-y^tr-YtmFETX'lt 

[ 0 0 5 6 ] 4/^, m 1 (Timtmmx^T^^^zm^i:. m t 

ll*T\ *ltjEi!j-f^B${c:A 1 NM2 7^\c^||^ft^S:^ 

jgiT'$ ^ i i: h '^m.m/m^^^±.ffMmssk 

[00571 5Sri3*^*fe?gSiT't . kl^i:m*ffl^f* 

^St LT^?effl^^->J^-gr{i, m2\z^.Ltziiot):^- v 

tfz. ^mmmx'iihv>-f-mmirZfS.-M:^-^^mmm 
[0058] tfz, ^mmmmx'Tji ttz h v -^^comm 

y^hu>^mmzLXi,J:VK ^hizhi^y^<7)m 

mim^mzmz/x\,^^^<x i < , ftio*>^'ft®T't 

[0059] S /c, m±<r)m 1 ^t<SI2(7)||S(Ef^.^T'(S 
^S<7)n t P 5rAiX#i.3t P ^-A'^wLMc7)jjjf?^F ET{C 

[0060] ^rz±Mir>miRt''m2<7)mmmmi.z^o\>-^ 

All Gai-,.,. ] n,, N (fIL, xtiOSxSl 
0,^T'*»), yiiO^y^KnmLXh*). x + yS 
1 T'J)^. ) . Z nO, L i A 1 NO. L i GaNO. 
HfO. ScN, Ti Bj , UBj . WB, 1¥J: >; 

^AiNm±izm!iitxmimm^mi:Ltizxr>, a 

[ 0 06 1 ] ^Tt, Mzm^-^fzX ':)iz;iixh<D-^-hX'Z 
nO. LiAlNO, LiGaNO, HfO, ScNtr 
ot,>T(iA 1 Nflg±«o^SiM?Hi^: VXfzlfX'ii^j:<A 



•{ s 



[ 0 0 6 2] ±i*UcJ: =:)\:ZZixhoMm(^-)nmzmt 

[ 0 0 6 3 ) 4 . Si Cffilg 1 Rt< 1 0 1 (Cffll^^ S 
H - S i C. 4 H - S i C . 2 H - S i C-iOV^-f ixA^r 

[0064]*:^^. 4:^83 ( m^w^i^wm. ) mi 

m'F^Tkzmhiifc:hifX'\,it^<. IGBTIf. {^(^M. 

[0065] {^3<r>miimm.) HSti. *^BJtcJ:^ 
m 3 iO|©5feJf5®.iO S i C WSB F E T<7^|Sr nST* h . * 

isffijit h- u 7 h« 4 2 ^mt-'S. . 'I- Lxmm^m%'^ 

1 2 0 OrtHD^tffi^tMer 1 0 0 0:^>^P.hX3^J^ 
Jf^^Lf^r. ^J-LT^flECVDffiCCiOS i Oj $r 1 . 5 

[ 0 0 6 6 ) -cfJf^-. ^a^hl- v'Xh>''«:?— ^SrJ^^L 

fit. 7 ^ h.;-(.57-> r 'C, X«/^> i/5:^f 

>f .-t >'i±AL . i-SttftWc S v-x^JS4 4 

[ 0 0 6 7 ] ^ L ■CKft^.^l^^L ^cf^. J:5:(2^*l!!f?!lSr 
mML fzA I N!lS:*m^a5Ulli)t*S ( MO V P E ) 
'i t'T-fmbJ^c. m^ii^mizii ) 0 0 nmt Ltz. 
mz'l<7)±izmm^(r>7i;>j i. u 3> ®*rfMt.'-«.^-- 
yp'ltzik. Zilir-^.^i^t LTA.l NP,«rXy f-> 
L. h^*fll4 6 . hn.m4 7 SrffML 3t . %- 

><?m^t X v -7- > ^''(C J: 0 v-.^^t5!{i'.)Kfl:ISSrK5ife 

[ r 0 6 S ) >-CV— 7.^S4 9 i L t:i?!l/L<*N i if 

effM t . 'UX'VixT~-Mm^z J: 0 5 y ^' 
m^hfz. \:.i±<r)rn^x^^X FETarffML;^. 
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[ 0 0 6 9 ] CCT. ^jiti^^JGrgSJnLJtA 1 Nj^fTjfm 

cisa L , 1 0 S 0 X. tri>, iz h U ^ f-;l. T/L 5 
x-^A* 1 0//^'l-/'ij\ Ty^xT'$r2. 4 'J v 

[00701 ;*:^JE5.^.-Cii , t LXMm. $> 2. 

**Bii: Lxnmtfz.. ±ieMovpETK«Ji7x^r< 

[ fz. mul -^zLff.yc:^ 'jTts:\'^A 1 Nii. y 

lima I fzi^^^w^-izt&T ifz. ifz. mm L fz^ 

1 0 1 f c rns iXT V t <7j t PJ^^Sr^j^ 

i [0071 1 55r±J. ^ it-A 1 N<D?g^:*rSfc VXMO 

! VPFSr^fflL rittcRgi'p-r. :«-i=^xh-^'d{^y 

[00721 i CT-m-iOJ^flS*: riM, l^~<7) 

a;^.(c$iJPI S i-c 2. t c7)T't4^" t > .. t.tz. S i C 1 {3 
f fflv^i>s i c ^fc :t-^i^S:^m^.Si':> 

: :^<*V>6H-S i C. 4H-S C. 2H-S i C<7)V» 
[00731 ^tz-ir-m?M%m}Y E T(::lli:>il/ct>ttt- 

'S^^\,xmm-^i>:itif^x'^h.. 
: [ 0 0 7 4 1 ( sg4 o:>mmm. ) m 
3ommmm.(^)^m\^mm.i.zi5Vxx . -^^m^h. lts! 
ibh^^itmmoyn.it:>*)\.z^±mjmtmtaLtzA i 

: !fe*r l°lii$ti-^^r t J: 0 - ^it-cit A 1 N (ftcSsJa L 

tz. mi\M.timmik(^>mizxiii£-^iX'ViL i > i o ? ' 

[00751 vlc7)*M^27)y- l-ifel«Mi')1f His. 'J 

i m}ia7'/i'-rL-Tv.^oi,c')i'H-?7fiiMe-<:'#)';. 

5 ?€«2r<KMT'§f*. itzmX(7)7tmi:m^izmnltz 

> i%^\.z{^mm:n^Mr>i-z. 

[00761 ( 5 inmW-- ^. ) ^ 5 f X^ifeffl^Ji . IS 
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[0077} jftJ5i^7;/%SsJDc7)tc7Mcib'<*-) 
[0078] if^ec^mmmm) $^6<7)mmimit. w. 
'•?mim+%ix'mux'^^:i}f, z;zx^i7%w^mL 

[0079) #W®tati:lgJ0L 'J-r^^ggS- 

b^Jbtii,, tti. muiz^*)t^^m^'\^^<x'^. 
&t'fi::^m<o^tiizjS.-:fiftzti!}^X'^fz, ^ix^tm'P 

<r>U-fy^ifi$^^'% . 5 0 0 n ml.Hi<^»$T-t ^' ^ y 

hmizi^^<x'^h^,^^Lx\^h. 

[00801 <mi<rmmm) m^ii. ^^mzi:^ 

H 7 cOllMJ^S(C:<^|> F E T<r>nm7:nitBW^X'h 

v^X VV>^^W}^lfzi:>(^yX'ht. 
[ 0 0 8 1 ] En^, *S*>*> U 3> ffli:'5ri. nSfiffiHi 

H 'J 7 h« 5 2*fiB^K$ixTfc >?-i'-)«®tc{JpS'<. 
-^MJ* 5 3 ISlT/ n • M V - .74IJ« 5 4 $ i'LT t » 

[00821 ifsT. X y ^y^^ ( R I Eft) tc 

J: On' My-XfSi,^5 4(7)a®A^^>n' mV-:7^mM 

sA^xtf^p m^- xmrn 5 3 ^aji l t n s]Si^i5i h 

'J 7 h « 5 2 (C^-r •& M- >' 6 0 A'ff^ fi)t S ilT o . 
^hiZ^ 11 ' MV --xmi* 5 4 i; h t > ^ 
6 Ol*Ii:y-h^^8i i^n^^mbULfzA 1 NH) 5 

khv >^ 6 0 amnu<r)^mizy- h 5 7 tfiWiWL 

^ixX^^h. 

[ 0 0 8 3 1 . y- vmrn 5 7 -3 j: -) i.z^<r>±. 
\:zimw.5 smifti^ixxto >) , y-x€® 5 9 1 u-c 

|W|7.ti'N i mmm^ix. Hl^ -f >'S;fiE5 5 1 L 

[ 0 0 8 4 1 i <?)*i^(c i . .ig 3 vmM 6 <7mmm.t 



x<. mhfp^ibmx'i>x\>K ^i5hu>-i-mmt&ts. 

[ 0 0 s 5 1 iJ^w^ \-u> ^mmz pmrnmrn-^m?^ i 
tzm^izii. F ET s«c<7>e^tti±*''^< ^ri, . tfzmm. 

mcOntf ^:?Jxmt fz P f-^ ^^yt-ScO«fi0g F E TWlZ 
I 0 0 8 6 1 (|gSc73^Mffi5.^) ^3:J!»Mm 7cr,mmm 

mizi5\,^x. mm.iz:^-^>m^m^\ :^-^'>mmiz 
y-h^^mm^m^LfzmmtLfi. zcom^. t^i^^^ 
<r)mm±ii^ix'ni<^)^mt mmx-h r>fz. -iix. 

jgtc;&-d<> Bi: -rS ^ t ^ZX *) ^ffilP.e^-SarTtf 
ZtifiX'^. FETnm^Jb\±-r^^ibi}^t>i)^'ytz, 

[0087] (m9<7ymmmm) msii. ^^B^(^^9 
(^M^mmiz h mmm^ifm ^ fjo-jimmmmx'h 

i o, mm6 2i:miRmzmm-^. s i Oj mme 2 
^MtKmzmm.^^ijmt m^iic. s i cmme 

l±izs i O2 mm^. a^ftsSv «{4»CVD T-fiJtft^-ii: 
h^t'Lxm^Ltifk. yirhV-Jyt.vX'-?::!^^i^yL 

[0 088] iXC, SiCa«6 Ga. Al^ 

<0IIIfiK7);7D7-< H. XJilSBI. XtiC 1, , X\m 

'ft7j<S-^-b >ML7KS^<7)VI]K<^)7)<^-fi:!fS5, Xtii? OD 

tctfih (Jl*4?y^l=^aDt^*^% ) , A 1 N$-^ft$-t*- 
54:, 05 (b) tC^-!j-J:dt. A 1 N3J4S j Ca« 

iI±{cL*^B5t*L^V>. CixtiA )j Ga^ 1 N 
(x + y+ z = K O^xSl. O^y^l, OSz^ 

1 X'h 5 V ) <7.)fi5t:R:tC':)|, -^T 4, |5l t 5 , *SgB°B 

A 1 . G a.. In. N ( x + y + z = 1 , 0 S x g 1 , 

0 ^ y g K 0 g 2 £ 1 T'^)^. . ) ^iSL^-thi%^t,i . 
T^iiyrXAX, Gay ] N(x + y-)-z=l, 
0 S X =i 1 . 0 S y S 1 , 0^-z^lX'hi>. ) arfiJt:! 

[0089] A K Gay I n^ N(x+y + z = K 

o^xgi. osysi, ogz^i xh^, ) c^mm 
LTN, x\iry=^-T. nkcnumv-xtLx-^ 
ntivK tfz. BineGa. A\m<r)\\\w.c^9u'7i 

^^t!|Js. X<i''NDy>'^;iy;z.c7), Al. Gaj. 1 Hj N 
(x + y + z= l. Oigx^K Oiy;Sl. OSzS 
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1 X'$>i>. ) mM^f^C7)Mmii 1 0-'— 1 O-^niol/mm 
X'h^ZU^mtl\.\ WiZ, Alj Ga,. I n, N 
{ X + y -i- z = 1 . 0 ^ X S 1 , 0 S y £ 1 , 0 ^ z ^ 

250 -CX h -5. .1 i: *»*Fi » . 
[0090] 115 ( c ) tZ^i-Ji olZ. S i O 

mzifM^iifzA 1 Nil 6 3 i t i>'X'^ h fa 

L, A 1 N{i'JC}Sil{C}S{t^-tV»<7.)T\ A ) N//>§lt^ 

[ 0 0 9 1 ] (ffi 1 o;'.)|iMm^J) Elbfi. -J^W^(^y^ 

[00921 %9(rimmm.>imt£hoy\i., A 1 N 6 3 
±tc A 1 , Gay N ( X + y = 1 . 0 S x S 1 . 0 S y 
^IT'S)-!.. )W,i>Aifi7m.^ixXV^h^)^X'hh. A 

1 ,Gay N ( x + y = 1 , O^x^ 1 , Q-^y^ 1 

W^TtVi]\)^^Wzm^'iWiy'^%. A 1 NI^S:f*IS-r2> 
^(•::{4A1, Ga, N (x+y = K O^xSl , 

m 1 0 <?>^Mflg®tc^L isi I; t:\t> 0 . n-<n^ 
[ 0 0 9 4 ] m 1 oo:mmm.hw^h<^:>vx. A 1 N 6 

3)Kt A 1 , Gay N ( X + y = 1 . 0 S x £ 1 , 0 
y^l T'*)^. ) M6 4f:)2«11|jti:^=S:'). S i Cfi 
«6 1 ■b-h^<ts:h\zmi--^X yifii^ts^ < ^tJ:o t^fJ^Jt 
^iXtz 1 Ji«7JA 1 J G a,. N (x + y= l, OSx^s 
1 . 0 2Sy s£ 1 TM^I),. ) graded layer 6 St ffM^ix 
TV»4.^-C'&-2.. S i cmWLb 1 tc#i,j££< tclllS^ii 
^»xC'.).^^v^J|g$:, S i CffifiiiO l*-'?jS<{Ciiil^§ 
ic/c y <':>±^ •& i: I » :> ^«lil5] t fcij^, 

m 1 0 <7:)mtmm.x o i> fS!#(-::ffM-r •& ^ t ^px-t- h . 
[0095] (mi 2(^>mmm msmm9\i. * 
^BBc^m 2<rMtmm^zi^.i>mmmriUjm^my.^x^ 
mw.mm^\'m'ti>-}5mi^<-tiL'mmmx'hh. 

«6ff^®iCyT^ t t, i^Ji: Ir1«-C 0 . |5j-C7)gC^^{C{i|5l— 

[ P 0 9 6 ] 08 ( a ) T^S ( d ) \.z9r.tX 'AZS i f ; 
ffi«K6 1 ±ara±(CA 1 NMb 3 t-ciiarM^-^^i?:) 
A U G a, N ( x + y = ] . 0 x 1 . O S y s£ .1 



[0097] ^(^>ik, 09(a) (c^n-r J: '3 l- v -7. 
- h / > 7 2 Sr?f5p5t LT . II 9 ( b ) H^-^ J: 0 U 

7 0 3 •y-h='f-'ffl:S7 3 *S5fi£t, a 

-yojr r-^ yt-]'<7)i^X\ Ai N^6 3J4;SilJEc7)*§ 

[ 0 0 9 S ] A 1 Nme 3^-^A 1 5 G a,- N ( x + y = 
1. OSxSl. O^ySl X'h •& . ) .^6 4 IZ K- f 

•tZtij^X'^h, A 1 Nfli6 3. A 1, Gay K (x + 

y = l. OSx^l, O^y^lX'h^. )^64<7jK 
-vo hi: fCti. nSt'.t)iU4\ S i ^£?;1 vif^TcS . 

^mmmiziii'^:^ s i cmtent. ^^imwm 

[0 09 9] (^1 3<7.)^}f5S) HI O2at/01 1 

-2. . ^mmmiz^&^!mmi?m<^m:^6'j^-mmi^ 

[0 1 0 0] HI 0 ( a ) .TbS ( c ) tc;i7^-tJ:5t:. S 

1 Cmme 1 iO±«®±tCA 1 . G ay N ( x + y = 
K O^x^l, O^y^iX'h^. ) graded layers 

2 ilT J3 D . S i C 6 1 tJisT- 5 
•V 7 1 A^'JgfiE? iiT V >^ , 

[0101] -eof^. 011 ( a ) iZJn-tX o tz, V >' 

'J 7 h.^7&t J; 0 > 3 v b=^-mS7 3 ^fML , 

h i^—J<i>J -ry-i :t— H<7jet3t% A 1 J G a, Ngraded 
layerb 5 14l§ltffc7)^^fl|3ti: LXm\>^foiXXV>i, 
[ 0 1 0 2 ] A K Gay Ngraded la.ver6 5 K — t* 

Ci:;t»'T'.&^, Al, G.>,, Ngraded la.Yer65i?)K 
-'N'> hi; fCI4. nSTJbiUf, Si^i^)lV]^^, 

IV, *^6jim®(ciu{tl>S i CSfiie 1 (4. 4^«f)t<S1S 
[0103] (^14 (JO^SSfl?® ) S 1 2J4. 

1 4 ffmrmmxzi^.:bmimim-^m ^mv^x ^mw^^ 
m.^^m'h-fr&^7r.-t:Lnmmmx'hi>. ir>-mmm 
\z^.hmmni')5m.om!^im:viifSL\i'm i off^mm^m 

( 0 1 04 ] 0) 2 ( a ) (C^x-^-J: o\,Z. rr - S i C 



1 
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ten- - s i cms2±iz\MiKmzp-s i cmmss 

CfgJSS3±(Zn* -S i C$Il|8S4*''f3j-:^aEA^S: 
fflo-C?^fi£$ilTt»|.,. Blliep- S i CfiJSS 3±t n 

[0105] ^com, mi ocmmmx-mv^tz^mi: 

m^^^t. A J htmSStA 1 , Gajr N (x + y = 

2 (b) {:iF-^-J;'3{:StK6^tcffiJ^$il^. Ml 2 
{ c ) tc^-r J: d S i O, US 5 2:IX •) »/>;f*- y 
-hm@8S^Al. Ga, NM8 7±t3, V-.X^ 
S9*y-N«®S8h^gfe6L^<.U3tCp-S i C« 
iSS3i;n' - S i 4 tC^/^y/oTJ^figt, S 

i cmiSLSlMmiZ)^\y^ >'flfiE9 0Sr@£iS-r?.ifc(c 
S i C-MOSFETSrf1^-r-S<li:A*T'#&. 
[0 1 0 6) ^cJ'^MOSFETcTj+T^ A 1 NM8 6<i 

htCfflt^'^n-Clr-'^S i O2 J^*)i>'^ZX'f>^tHsb^ 

[0107] MtC. A 1 NM8 6-^A 1 , G a, NM8 
7tc:H-f>-:5^^t(|L:rcM$-fflV'»i>^i:tcJ:»). ^mt 
hm&^Hi't^tti^X'^h. A INKS 6, Al, Ga 
, N^S7c0h'-v\-y LTti. n ST.t)Wf> Si 

[0108] (1^1 3(r>mtmm) mi sti. ^%m<^) 
iz^L tzi.<r>t nmrh *) > n—(^>m^iz\m—<r>vm 

[0109]I3113 (a) (C^-r J: oiz^ n* - S i C 
S1R10 0±tCn- -S i CJil 0 l*«?eB)t$iXTfc 
•9.Biisen- -S iCiil 0 l±(:p-S iC«l 0 2 
ijm^-^ixXii^ . BiJiep - S j Cii 1 0 2±t3^ ;t> 
jiA^^fflv-'TSJI^fi^tCn' - S i cm.m 1 0 Si^m^ 

^^xxv^h. Bfrien' - s i c i o sm^^zs i o, 

[01 10] -e^T)^. Ill 3 ( b) <?^J; -jCp-S i C 
Jl 1 0 2. -Si CliJ* 103.SiO2l^l04 
mit/Zn- - S i CJi 1 0 1 Jit:©ttl-B2fft$iL«. J: :^ 
tc, n ' - S i C 1 0 3 >: p - S i C« 1 0 2 
iRW(CRlE lf-C'X>.v^> j/-^-|,„ CC7>RIE <7)Pg. S iO 
2 B^l 0 4^^;'.;^tLTfiJ}BT'&S. 

[0111] -S-iOm. Ml 0(7)5lt6m®.Tffl«.^/:r¥&Sr 
fflw»^t . A 1 NM] 0 5i; A 1 ,Ga,. N (x + y = 
1. Oaixiil. OiyS 1 T'ib^.. ) Ml 0 6://. El 



13 ( c ) \,z7f:-txoi,zin^mf^<7)m<7)mmhim\,zm 

[0112] Ill 1 3 ( d ) \,Z7h-t^ 5 (CS i 

mOAi:M'0W^'^ti^k. y-h'§ESI0 7^A I, G 
a,. Nlil06±tC. y-;^>Sflsl 0 8ar^-'-l>?|ffil 

0 7 h JgM L J: 3 iV -Si C^JiS 1 0 3±{c?FM 
L, S i CSIg 1 0 0 C7>||®(C K U >f Vl:® 1 0 9 
m-hZ (Ci 0 , S i C -SKJgMOSFETS-^M^^ «! t 
^fiX'^h. 

[0113] «IOM0SFET<7)4'T\ A 1 NJ^l 0 5(4MO 
S y- 1> c7:>*6^« tlxm\'-^(:^ixX\'^h. n5^y-hl,z 
m^^hiLX\>^hS i Of i 0 t^Mfft'J>l.7t:A6. S i 

[0 114] WlZ, A 1 NM3^AK Ga,, Nll4(: 

JE^a-T-li:**-?'^!). A 1 NJKl 05. A 1, G a, 
NMl 0 6 O K-M-i^ h i: L T«4 - nMT-$)ilti\ S i 
^iOI VitTcS. P S-C-ttjiUf M g m<^\ 1 JtTC^Srffl V > i. 

[0 115] (^1 6<7)^Sfem«) HI 414, *^Bgo 

^1 ec^)mmmmizi^^mmmm.ij&i:mux^im 

tcS^ L Jt t <0 i: UtRT'Jb 0 . |S|-coSPi»'l={4|al— <7)«F# 

[0116]|114 (a) {CS^-r J: -S iC 
S«8 1±(Cn- -S i C;iS2*9^l£$ixTt5 0. BU 
ten- -S i CMS2±{C5SlRe^t2p-S i C^i^8 3 
*M7r>-aA^^fflV^T?Bl«Si^T^>0. 15i5p-S i 
cm^83±iZn' -S i CMl^S4*M^>iiA^2: 
fflt^TJK^^iXTi^S, Buiep-S i Cmn83±k n 
♦ -S i cm^S4±{Ci7t:*«oT, SiOj MS5S- 

miRmizmf&-t7^. 

[0117] -ic/ytk. mi 1 (^.mimmxmi^tz^'&i: 

ffll^afc, Alj Ga, N (x + y = l, OSx^i, 
Ogyg 1 -CS)-?). ) graded layer 1 1 0//, Hi 4 
( b ) Izyjki-J: 'J \;Zm\m\zWi^^ixh. Hi 4 ( c ) 

\z^-ti^'j{zs\o, MS5SrBxoi^v.f>f^, y-hm 

ffi8 8$:A Gay Ngraded layer 1 1 0±(C, V — 
XUSS 9 y- h^agS 8 0 IZ p - S 

1 C^JiSS 3±.t -S i cmm8 4±iZt.fz/j^'^X 
ffML - Si ca:K 1 0 0 (JORffltC H I'-f >'®€b9 0 

t iwck . Si c -msFEti:im-ti>:it-¥ 

[0118] w<7)MCSFirr<7)4'T\ A 1 . G a, N graded 
layerl 1 0(4. S i CSflRtCjgfefeLT l^^^l^Jix// 
::^§<, S i C««[*>/b3S<=5:S{ifc'yAf::»c#<'5:4J: 
r> ^ffl^t: f^S $ iiX i6 ') . MO S y- h O^^® t L 
•Cfflix^iLtii?,. *£5|ty-l--tc:ffli,>iiic-Cv^&S iO 



[0119] A I , G a,. N graded layw l 1 0 

.f,iL{i'. si^fj) £S7c^. pmx'fitLims^<n m 
[0120] (mi KT^mtmm) mi 

[ 0 1 2 1 ] la 1 5 ( a ) iZn-^-tX olc^ n* - S i C 
1 0 0±lZ n- - S i I H 1 0 1 *ifM$ilt:±5 

0 . B^lien- - S i CJl 1 0 1 ±(CP - S i 1 0 2 

iDm^^iixiso. miep - s i cs 1 0 2±iz^ 3r> 

5: ffl V 'T iM}RM(C n • - S i C mM 1 0 3 *^*Jglj£ 
$iLT('»^.. naien* -S i C 1 0 3fP.J*±tcS i 

1 0 4 *>'StKB-)lcJfM$itT 
[0 12 2] ^<r)ik, 01 5 (b) iOctdtCp-S iC 

m 1 0 4/11* -s i cmmi os/s i o, mi o 2 

1t3t>6'n- - S i 1 0 1 itcftteicKSSil^J: ^ 
n' -SiClitSl OSkp-SiC^l 02fc*: 

01 ^10 4 Sr-7x ? t Lxmmx^ h . 
[0123] Wik, w.\ 1 o^m^^mmx-m^^fz^W:^ 

m^-^ht. Al, Ga>. N(x+y = l. O^xSl, 
OSyS IX'hh.. ) graded layer 1 1 lA^ 01 5 

( c ) {zm-x 'J izmti&mi^ys^mmt&mizmiRi'^ 

izmf&^tih .015(d) izyn-rx :) S i O, HI 
O A^m^mv>iZlit. 0 7*A 1, Ca^ 

Ngradeil layer 1 1 1±(C. V — X'Cgi 1 OSS-y— h 
Hffi 1 0 7 t jgML^M, »J: p -Si CMit 1 0 3± 
tff^BJt L - S j C 10 0 CJJlratC H U"f y^M 1 0 
9 $riEIS-f & ZtizXD, S i C -S«0MOSFET-Srfm-r 

[0 1 24] >Ii'.)MOSFETC.)^='T\ Al, Ga.- N 
graded 1 ayer 1 1 UiM O S 1- cr.im^W tl X •> 

^>iLT «r Mcfflv »*:>i-tT i s i i o 

[01 25] A ] J G a, Ngraded layer] 1 1 

lZ\^—\:^>'f>'^mLtzm2:m^^h^tlzX*). SM-T'S) 
itJE^rdl-rc: trj'T^-^. H— >'n> LTti, nS^C- 

, s i mcoimTtm . p mx-M^XM sm<^M i i£ 

[01261 imi Scrmtmm.) H l 6ii:. *.5|BJf.> 

m 1 S£?.-)3iMm^g.(cf?!2.{Sii?FM:'3i*'$r5"s-rxsiSfM[i 
■C'*>^ , s i cmm 1 2 1 ±ic . A i Num 2 2 



(tl 2) )00-l 50S75 (P2000-150S75A) 

2 2±t I' 1- 1 2 3 a: HI 6 ( a ) J: o IZ± 

mmmi . si^ti-ciii 6(b) izn'^-tx oizmRmz 

f^m^^h. 1 2 5imfitcMe')^'^fi^'^:^i'X'X)0 , 
1 2 3 aJiSJi5fffAU ht'^ S . 
[0127] mz. H ] 6 ( c ) (.Cn^<i-J: RtCvf 
> X M 2 3 a-^ , :K#,^R^^-;t;>*>KnH ^i'.)T/t :f} 

i ^ \) ttJgMt: ^ ^ . U M 2 3 -2r -'.X i: LT 

i Hi 2 2 ^JMtR£i*}(C S i cmm 1 2 1 ±(CffMt^ >1 i: 

[ 0 1 28] (1^1 9i7)^]!i(!i?B®) 01 7Stf|ll S 

li, :^^m<r>mi 9<?mmmmizi^.^mmmmijm^m 

:^mmmiz^^mmmmfiA(^.m^6^^ni -4 
• ] s iomt^ifmiz^^ itzL(^t mmx'h o . im-. < js- 
izim-<^m^^ni-, 

[0129J[ai7 (a) tr:^-ra: ^ . n* .- S i C 
SIR 1 3 1 ±tc: n ■ - S i C Jl 1 3 2 r ^ ^$ilTJ3 
: ^J. fiiSn- i CSl 3 2±(r^l^RHlJ(Cp-S j C 

fgp-S i C^J^l 3 3±{:n* -SiC^^l 34j!)« 

[0130] »tg±®±^®(CA 1 Ni'^?^ : 3 =^^9 

5±{:l. i^'.XM 3 6Sri&®^L . ^^61^1211 7 
( b ) iz^-tJ: 0 t-StKW(cRlD$-l*r^. 1 3 SitM^t 
J :|?:<7)^ ^ il-?:^ PXh^, 136a tiSiES;^ \y 

[0131] <;ct> 017 ( c ) Utf-^J: JxI5?S 

;VU-> X M 3 6 a ^ , 31if-SS-t^';j:>*)K0H ir«'.)T;L * 
: \)>&if4mX^'^W.<if . ^OM, A 1 NWKOH m<r>T>\ 

) ^ 'JlftiSmtCiSttl.^, X M 3 6 t L T 

1 3 5 ^SlRWt: s i c^is 1 3 1 ±(cffM 5 j: t 

1 f)-x % h , mitr 4 'J i^mm(^)i§,m±m.is^ -200 t // 

) [0132] iJjtC. HIS ( a ) cg^-t J: Tj- izmm^fS 

h . ±izm.mtti:t±m] 3 9^m.mi . ■'<^-~>^'^-h 

ZbiZX-^X. mis ( b ) (C^f J; 'j ^-MllSFET*: flHf^ 
-i-^Zb J'/T'^ S . A 1 N^im 1 3 5 ti - MOSFETc?)y- 

[01 3 3 ] HtC. A 1 N 1 3 5tr y^^mVfz 

g \'-.'<yhtixii. iiMx ^)i-Lis, simt^ii^m 

n izm. fMX'hi:imsm<7yum7tm^m\'^hzti)''m 
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10 13 4] (m2o <Dmmm. ) m 9 Ji . :^^mco 
izi^hm9Simf&jjm^m:^m^j:mmim 1 9cr>mtmm 

[0135][1119(a) iZfp-tXolZ. n' -S iC 

0 . P - S i CJI 1 5 3/'n' - S i C^teS 1 5 4 ti3t 
y/n- -S i CJl 1 5 2±(ca:|^{::iSi§$fcTv^^.. » 

^±:®±^®tc: A 1 N js^ 1 5 5 '2ris 9 <7)mtmm. t m 
\::fjmx'^^^'^. <!Kizmi 9(mmmm±mmiz. a 

1 uwmi 5 5 a.^miRmznmth. ^com. a i n 
mm 1 5 5 aji, Ell 9 ( b ) {^^^-TJ; p (::BineftPBi<o 

[0136) i^ltzHl 9(c) lZ7nrtJ: 'jlzmm^m± 

iz-mm t =^^^JS 1 5 6 L , r<:P ~-yy^^ - 
t(:Zj:-yX. mi 9 (<i) tc^-rJ:5^iiyBM0SFETSrf^ 

[ 0 1 3 7 ] A 1 N^Ml 5 5 atd. MOSFETc?):^'- 

mmt Lxmv^C:>ixx\>^^. vtMy-hizm\'^Conri-^ 

^ S i O2 J:K) i^mmS-Thhtiib. S i CconMX'h 
[0 1 38] St:. A 1 N^Jgll 5 5atK-h->->'$- 

*<-r'#.g.. ¥-.^<> htixi±. nmx'hh.i£. sim 

[0139] 3(;c^B3*c?)S i C#^g«si: LXii. A H , 

2H. 6H. 3cm^x<7i^^Bn^^i>-osic^m\^ 

(II 2 1 commmm ) ^ 2 0 1* . 2 1 <rjmm 

mmizi^.^mmm!isujit:i:^-txmmmmx'h s . la 2 

0(a) {^jn-r J; 'jiZ^ ^7Ti 161 ±IC. s 

i o. mmi(>2^mm^zTim-th, s i Oj ifagi 
6 2 mtRm\.zmfiiL^h-}5mmui. vyr-^ rmm 
1 6 1 ±(cs i o, mm^. mk(m\'-^i±mw t-j** 

^it?>>kt' I Xm^Lfz^. 7^hU >'X hX"7X^y 

zt^zXnxmf^x'^h.. 

[0 14 0] mz^ ^ry-r i-rmiKl 6 1±(C. Ga. 

gSL^A^'^, (iSiF^l^'.XtjD7:^y/4>) . A 1 N^^fiJc:R 
^^ht, 1120 (b) (J:5^-tJ:'3(C. A 1 NDUl 63 
{i^^T'fTSMl 6 liS±twL*»A)i:aL^t\ CliUi 
A 1 J, Gay In, N (x+y + z = ] , O^x^ 1 . 
OS 5' SI. OSzS] -C'Si^. ) O^^^f.Z'OX^X {>[5l 



tWW^I.. #«SSA1, Ga, I N (x + y + 
z = K Ogx^K Osiy^i. 0^2 S IT'S) 

) srJK^-r^&i^^Ji. T*A-7rXAl, Ga,. ] 
III N ( X + y + z = 1 . 0 S X S 1 . 0 s y as 1 ^ o 
S z S 1 T'S>^ . ) ^JSLm-h^^i: 0S{3jS}J?1±//± 

[ 0 1 4 1 ] A 1 , G a „ In, N ( x + y + z = 1 , 
0 g xg 1 . 0 S y S 1 . 0 £ z g 1 t'*>^ ,. ) 

Ji. A 1 <')V-^i; LTA 1 ^irOiTlS^iR, Ni7)y- 
S?^Hr\. ^Tt, Buieca, A r^c7Miis^<7.ii?o5-f 

^fb^. X<4.noyx^;^'Xf7). A 1, Gay I n, N 
(x + y+ z= l, OSxSl. OSygi^ OSzS 
lT'.t>^. ) fmL^V^ffmmH 1 0-2 mo) /mi II 

-(:\t>|.C:t*«il^Ll^, StZ, Al, Ga, In, N 
(x-t-y + z= l, OSx^l, O^ySi^ OSzS 

250 'CX'h ^:ihmjtL\\ 
[0142] '?-c7>f^. E12 0 ( c ) (C^^ J; $ ic. Si 
O2 M 1 6 2 $ H F^</)i§tt?:i?gxi§*^LTlR 0 ^< 

msRmzm^^ixfzA i nm i e 3^#2.c 

fflt. A 1 NJi7j<?mtC:^{t-^-rv»<^)T\ A 1 N 
[0 143] (ai2 2<7)|ISfe9^SI) 021Ji, *:^BJ<^ 

SS2 2<Dmmimizi%hm.mmfk-}im^^'tJLnmmm 

iiW. 2 1 c7>.^t£^®tc::^ L ;^v: ^ i?) |5J:^t^) 0 s o 

[ 0 1 4 4 ] m2 1 <7:)^Mff:JS.tS^'^c7)|i, A 1 NBM 
1 6 3±{C A 1, Gay N (x + y= l, O^x^l. 
O&y^lX'hh, ) M 1 6 4 i)m^^iX.X V^h^tX' 
hh. A 1 J Gay N ( X + y = 1 . 0 S x S K OS 

y g 1 X'h . ) {4, ^-h^i-.^ < ^g«Hm 

>j j^mimzmr^ < i4k*>'$> .g. . fiif t , 

A 1 N8S«-ff.ii-r§?&{-(iA 1 . Gay N ( x+y = 
K O^xS l, OgygiT^t,!,. ) HT'S '3 t *J 

[0 145] (lg2 3<7)^i£JgS) 02 2<S. 3(x||Bfl,7> 

^23 <^)^Mff5HS(c t mmnmijm 5- ^^iri^Biiras 

(4^ 2 2 i7^^]|jSfliJffi.(C3S i r^ t t |S)«t'<fe 0 . <?.■) 

[ 0 1 4 6 ] .1^2 2(^>mtmmkm'ki><r>u. a i nm 

tAl, Ga, N <x + y=l . O^xSl . OSiyS 
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6 1 f^iS < =5: o -C y < =Sr ^ J: P ^ 
iX tz 1 mcOA 1 , G a y N < n + y = K 0 g x g 1 , 
0 g y g 1 . ) graded layer 1 6 5'CB!&^i^ 
X V ^^.^X't} "& 7 r TffitK 1 6 1 IZ^tli < izWL 

[01471 (^2 4i'.)|IWS) 02 3 ii. 

^, ., -•f 7 T-f T*is 1 7 1 A 1 nmm ni^m 

7 2±t-l' M 7 3 Sr02 3(a) iz^^-fX 'j 
ffl^tiib- ll*tTI12 3(b) icS^i-J; :;toMlRB^(t 

-li:^ . 17 5 \m.%<m.<^y^ ^-"-^ ^ ^'<fc o • 

17 3a tiSiESr^ V 'JX h X^h h . 
[0148] HKiZ, 1212 3 ( c ) iZTjiti. 0 (C, RtEvf 
^ b i/X M 7 3 a ^ . 51#;?R-r^'^?*> K O H ^CT) TA- 
;&U14^7KT]R0^<*»'. ^<^f^^ Al NJiKOH^c7) 
r>Vij ^)imWizW>^h^. l- i^7. h 1 
LTPJ^X-yf->-:7-<:'§S. CcoJ; ^ tc LT©#t^ A 1 
N^M 17 2 $-SJRe'5tC-*f 7 T 1 7 1 ±lc?[M 

200 •C5'/M^ Lv^. 

[0149] ( m 2 5 iomtmm) m24 it.jt^^m^) 
m2 5 (Dmmmmizmh^^i¥Bm<'Mm^7jk-tmmm 

X'hh. Z.<r)^mW-mmiS i C-MOSFET-t-fc 
0, itfOMOSFET<»jt{J:<R<7.)i^t::LT?B5*RL/:. 
[0 15 0] ffi:fir(a (OOOl) , ^^r'JTii«4x 
1 O'f-cm 'tOp^S i CSSb^b¥#<*^^1 S3<7)2 ■>} 
miwl200C-C'N3r 3 >^ I 0»« c rn-V^l-'— XM-CM 
^vL, Sllf.)nSS i CJll 81i:^2c?:)nMS i C 
®1 8 2*:ffML./>.. 

[0 1 5 1] ^<7Ak. y^:^>i ■ \^y^ a^-^^yy 
(CDE ) tzJ;--.-C¥mSrtTW>. ^l<^)nSS i CMl 
81. pMS iC^fi^f*S«l S3, |g2i^^nSS 

1 CJl 1 S2^ffi<7)Rms 2r0.3niii ^L/^,:. -eilT^^'-pWO 
'r:-C'20t.nii7.)ig(l:P.arf«^ LX Vmtm. 18 4 ( ±12 

mmm.bmm<r>nm<r)mx'i^^^\ ) erffML^t:. 

[0 1 5 2] mz, ^\<nTmSiCm\S\tW.2<P) 
nMS i C®1 8 2±c^)lgfl:JKt33>i5'7h*-'L2r2 
(t. Al*3l«LT'?-iL^'iL«®l SSac^l SbSrffM 
L/L- W B§<tll 1 8 4 ±tCJ4 P h'-T.-K '.J >' 3 >' 
$rK@ L . w<7.)^5ry— l-CfiE 1 S 7 i: L XWi 2 4 JCtf 
^i'jlcSi C-MOSFET^l^ML:t-. wi^^i'^C 
L T f^SS L Tt: S i C - M O S F E TO)^ -v :7^;W^iiSti 

2 0 0c ni' ./V sec X'h-^t:^ 

[0153] amm) ^2 st^mmm^zt^-^^ s i c 



c - MO s FET^iSTM 0 iz ixm^iy^, 
[0154] t-r. muiiL (GOOD . iJ X 

1 0'<'cni-'£'.)pas i Cj£B^B^®#ffi^«2 '(7F/r(C:l2 
OO'CCN S- 3 \ 1 0 ' « c in- if.) 1^— Xat'-Y yl->'i±A 
L . mi<7:)ng2S i Cmts^2cr>nms i CJi^rffML 

tL'. 'i<r>ik. mo^cx'smrnAi^mimiti'fio n tx- 

[01 55] mz, m 1 OnmS i CJIt^2i')n^S 

1 cm±ir>mimizay^^^ ht^-ju^mi, MimM 
Lx y- h mm ^ nm ttz ., y- v mm±izii. p h- - 

7'>+''.J> '.J :3> SrWlL, .li^)miy—h%mt LTH 
24l,Z^'tXoiZS i C-MOSFETar(^Mt/>:. 
cr> J: oizLXimit: Si C-MOSFETc^j-^-a-^t-;!- 

f^ffijs^i'i Gem- /V • s e cX'h-^^z. y-hm-it 

WT<^M • OnSS i CH. pSS i CJS^^i^Miffi 
IS, |g2ivi.MS i C;icOSm<7:>3F-i^77.^.7, (Rflis ) 

ji:iiiimT.t)of^. ^-fc. ^^mii±tmmmizm^-^ 

L T.^]ife-r -i. d t i>^m.X$)i,, 
[0 156] 

[|^Ba<05am] Ja±j*'<.T^/cJ; dK, ^§lfi^izXti 

l±\ |5»^^14C.)^V-.A 1 , Ga,-,-. I n„ N (fSL. x 
{i 0 S X g 1 (7)mBX'h 0 , y {± 0 g y S 1 cOl^T^j 

0, x + y SlT-fcl.. ) . ZnO. Li A 1 NO. L 
i GaNO, Hf O. ScN. T i B. . UB, , WB 

^mmmms^^A i NUitcfj^'^.-r^ ^ t j; o , ^p. 
m<r>shn^itm± i , ^m. s i c <7)^m^^+ 

^tz3\^tiilK-J^mm^tt-j:S i Cr<V-hy>>' 

[ 0 1 5 7 ] i/::. ii?mWzXi\\i. iSifEffe^Ki: L 
TAl, Ga, Jiij N(x + y + z = l. OSxS 

1, OSygl. Q^T,^\X'hh. ) ^-^Wb^hW 
^, S i C^c0^^g±{=iMtK6g{Cj.O®ll{CffM-r€. , 

^ ^wl. ^ItftS - ffi^-^- ^^/Utttit*^ SiC-MOSFET 
[|lffi<7.)fgini7'>ti?JiR] 

[01] y^i ff)mmm!ezm-^ hS\Q w& 

FET^)fJ T^mU 
\m2\ "'S 2 £7.)?. SfeffJSiC 1^:.: . S i C 

[03] ^^og*';^ 3<7)5l|*fiJf3SltC(^i^S S i cmWi 
F ETc7.)fi|jt*r^-rBIiffiia. 

[114 ] 3^:^BSiO|g7c;)^MJB®t=#.i5^ 8 i C h V 

y^y~ vxm^F ETomjSsTTfx-rffiiffiEi^ 

[06] *i^B;ic7)ii 1 0 oymm'mxz^7;>m-wmm5 



[ El 7 1 *iiBj]c?)^ 1 1 <r>mmmmizm?>mmB^ij 
ims ] ^m^M^M 1 2<7)mfmmizi^^Mmm!&-:fj 
[EI 9 ] *fgBBco^ 1 2<7immmmic{^.^mmm^ij 

[013] ^t^^Hjcj-x^ 1 5 <rmmm^zi%i>nmmm. 

[mis] l 7 

[ El 1 7 ] 3t^^Bjo^ 1 9 (r>mmmiz:^^mmBm 

• [ la 1 8 1 *^ej<7)|g 1 9 cOSMffiJSStcf^^ 
:fira2:*-^-lSlllr®ia. 

[ El 1 9 3 2^^ajc0^ 2 0 (^HSiJ^HItf^&^Mm 
^raisr^-f-XSffirffllll. 

[ El 2 1 ] :¥mmm 2 2 <r>mmm^^z^^^mi!mfSL 
1 02 2 J ^?m<r>m, 2 3 <r>%tmmxz^^mmm 
[ El 2 3 3 :^^m0:>w. 2 4 <r>^mBm\,z\?h^mwm^ 
[ 2 4 J ^?m&M 2 5 <rmmm\>zmh Mosm 

1- nmmm.s \ cmw. 

2- nMJi5aH3iH>j7hJi 

3 -A 1 NM 

4 • A 1 . Gaj.,., 1 riy 
6 - y-h^l* 

9 •••>■'- hCffi^ 

1 1 ■■■v—.7-^.^m 

1 2 - • •h'l- -f vtgfiEl 



5))0 0-150S75 (P2000-150875A) 

2 1" nMffiS4aSi CS«i 
2 2-nS^Jfti)tI-''J7h® 

2 3-pS<-,XJi 
2 4" n* Sy-X^t^ 

2 5 - p* Mmj.^ 

27— A 1 N|i 

2S - A 1 . Ga,...„ I n. NM 

2 9-:Jr'-hmffiil 

3 0-jfeeM 

3 l - -y-.7.m;S^ 

3 >mMm 

4 l-nSiSJamS i CS« 

4 2r-nmmtmv'jyhm 
4 3 -\:>m^~:^mm 

4 4 - n* Sy-.7.|iJS 
4 5-KU-<>'mfi5fl 
4 6 ->-'-b$&^*ll 

4 7-y-hmffi 
4 8-ie^M 

4 9.-y— .::?.^;Bg 

6 1-s i cmm 

6 2 - S i Oj M 

6 3— A 1 Nm 

64 - A 1 , Ga,, nm 

6 5- -A 1 , Gay Ngraded layer 

7 l - = v:7^SE 

7 2•••^'>':7.^ 

7 3 - £^ 3 -y hdf-mas 

8 1 --n* -Si 
S2 - n- -S i cm 
83 -p-S i cmi^ 

84 -n' -Si cmm 

8 6- A 1 NIK 

8 7 - A 1 , Gay 

9 0- Hb-O-m® 

1 00 -n* -S i cmtSi 
1 0 1 - n- -S i 

1 02-p-s i cm 

1 0 3 -n' -S i CMJ* 
1 0 5 -A 1 NM 
1 0 6- -A 1, Ga,. NJl 
1 0 7-y-h^ffi 
1 0 8- V — 7.1;iBs 
109 •HL-'f^ll® 
] 2 1- S i CS« 
1 2 2 -A 1 
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1 2 3 v^.^-l- 

1 2 5-'.^^ fl''^:^>^^ 
12 3 a • >':^^ h 

1 6 1 •■'^y^'^TmWL 
1 6 2--S i O. 
1 6 3 •••A 1 N.?^ 
1 6 4 —A J J Ga,. Nfli 
1 6 5 - A 1 J Gav Ngradetj layer 
1 7 I'-'^y r ^ TmWi 
1 7 2-A 1 



[lai] 



.11 




173 
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